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doi:10.1016/j.jds.2011.09.009Abstract Traumatic injury to the upper anterior teeth is not uncommon in young children.
Dental ankylosis frequently occurs when teeth are traumatically luxated or replanted after
being avulsed. Orthodontic movement of a traumatized tooth is difficult, especially when
treating an ankylosed tooth without surgical luxation and distraction osteogenesis. This report
describes a case of a patient with class I crowded malocclusion and labially displaced and
intruded traumatized maxillary incisors. The protruded traumatized incisors were successfully
brought to an acceptable position with acceptable gingival esthetics through the use of simple
orthodontic traction combined with first-premolar extraction. An acceptable overbite and
overjet were achieved within 14 months after completion of orthodontic treatment.
Copyright ª 2011, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Traumatic injury to the upper anterior teeth is not
uncommon in young children. Ankylosis is also common after
traumatic injuries, such as dental luxation or replantation of
an avulsed tooth, and results from local destruction or
resorption of the tooth structure and replacement of theDentistry, Kaohsiung Chang
i Road, Niaosung Township,
et.net (Y.-T.J. Lin).
iation for Dental Sciences of the Readjacent alveolar bone.1e3 The ankylosed tooth becomes
integrated with alveolar bone with consequent infraocclu-
sion and a higher gingival margin, as the neighboring teeth
erupt normally. In the literature, treatment protocols for
ankylosed teeth, especially in young children, are contro-
versial especially with regard to gingival esthetics and
conservation of bone height.4e7 In the past, the recom-
mended management of an ankylosed permanent incisor
was often surgical extraction and replacement with a fixed
or removable prosthesis. However, vertical or combined
horizontal alveolar bone defects make prosthetic replace-
ment difficult or impossible. Decoronation of an ankylosed
tooth was recommended by several authors to preserve
alveolar bone prior to implant placement.5e7public of China. Published by Elsevier Taiwan LLC. All rights reserved.
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cult, especially when treating an ankylosed tooth without
surgical luxation or distraction osteogenesis.8 We describe
here the case of a patient with class I crowded malocclusion
and a labially displaced and intruded traumatized maxillary
incisor. The incisor was successfully moved to its proper
position with acceptable gingival esthetics.Figure 2 Periapical radiograph showed root resorption, pulp
obliteration and incomplete radiographic obliteration of the
periodontal ligament space on the maxillary anterior incisors
demonstrating a positive trauma history.Case report
A 10-year-old girl was brought by her parents to the chil-
dren’s dental clinic of Chang Gung Memorial Hospital with
the chief complaint of an infrapositioned, discolored
maxillary left central incisor (Fig. 1A). The patient was in
good health with no apparent medical abnormalities.
Extraoral examination showed a balanced facial pattern.
Cephalometric analysis was normal except for the
protruding maxillary central incisor (U1eSN of 110).
Intraoral examination revealed a class I molar relationship
with crowded protruding maxillary anterior teeth (Figs.
1AeE). The maxillary left central incisor was infra-
positioned, discolored, and fractured, and contained
a composite resin restoration. On percussion, the sound was
dull with negative mobility.
The patient had a history of trauma to the upper ante-
rior maxilla several years previously. Pulp tests of the four
maxillary anterior incisors were negative. A radiographic
examination showed external root resorption on the
maxillary left lateral incisor, and endodontic therapy on the
maxillary left central incisor (Fig. 2). Consistent with
a history of trauma, pulp obliteration (calcification) was
seen on all maxillary incisors except the left central one
(Fig. 2). Incomplete radiographic obliteration of the peri-
odontal ligament space was seen on the left central incisor
(Fig. 2).
On the basis of this examination, the patient was diag-
nosed with a traumatized and intruded maxillary left
central incisor. The diagnosis also included class I maloc-
clusion with crowded and labially displaced maxillary
incisors.Figure 1 Pre-treatment intra-oral photographs showed a dental C
and discolored maxillary left central incisor.Treatment plan
Treatment objectives included restoring the normal
appearance of the maxillary anterior region, and correcting
the patient’s class I malocclusion, maxillary anterior
crowding, and labial protrusion. Various treatment options
were presented to the patient’s parents, with their
advantages and disadvantages, including: (1) extraction of
the traumatized maxillary central incisor and right and leftlass I crowded maloccluson with an infra-positioned, protruding
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redistribution and replacement of the extracted central
incisor with a removable or semipermanent prosthesis; (2)
extraction of the traumatized maxillary central incisor and
right maxillary first premolar, followed by orthodontic
traction of the lateral incisor (into the central incisor
space) with subsequent composite reshaping or prosthetic
restoration; and (3) extraction of the two maxillary first
premolars and orthodontic traction of the traumatized
central incisor to its proper position.
The patient’s parents chose the third treatment option.
If the traumatized incisor could not be moved by regular
orthodontic force, the second treatment option was
selected as an alternate procedure in light of the perma-
nence of the finished result.9
Treatment methods
The potential for orthodontic traction of the traumatized
central incisor was evaluated using conventional ortho-
dontic brackets (0.022-inch  0.028-inch), molar bands,
and 0.014-inch Nitinol wire on the maxillary arch. After
demonstrating movement of the left central incisor, the
right and left maxillary first premolars were extracted, and
full-bonded orthodontic brackets placed on all other
remaining teeth. The traumatized incisors were moved to
their proper positions without the need for great force.
Labial protrusion of the incisors was corrected by retraction
and leveling of the anterior teeth with minimal anchorage
(Fig. 3). Final leveling of the upper arch was achieved with
a 0.18-inch  0.025-inch stainless steel archwire. After 14
months of orthodontic treatment, the bands and bracket
were removed. Hawley retainers were used as a retention
appliance and worn full time for 3 months followed by 24
months of night-time wear.
Treatment outcome
The traumatized left central incisor was successfully moved
into its proper position (Fig. 4A). An acceptable overbite and
overjet and a dental class II molar relationship were also
achieved (Figs 4AeE). The gingival contour and bone heightFigure 3 Labial protrusion of the incisors was corrected by
retraction and leveling of the anterior teeth with minimal
anchorage.of the maxillary anterior region were satisfactory after
completion of orthodontic treatment. However, crown
tipping (U1eSN of 85) of the traumatized central incisor
was noted on the overlapping pre- and post-treatment
cephalometric radiographs, suggesting that an optimal
root torque and vertical movement had not been applied to
the traumatized maxillary incisor during the orthodontic
procedure, resulting in a shortening of the overbite and
overjet (Figs. 5 and 6). Nevertheless, because of a small
area of possible ankylosis, the incisor was also able to be
moved to its proper position with acceptable gingival
esthetics. A post-treatment occlusal radiograph showed no
significant further root resorption or pulpal responses
compared to the initial radiograph (Fig. 7). Future esthetic
restoration of the discolored traumatized tooth is planned,
pending cessation of dentoalveolar growth.Discussion
Many pulpal and periodontal responses after dental trauma,
such as resorption, calcification, and ankylosis, are dis-
cussed in the literature. Dental ankylosis frequently occurs
when a tooth is traumatically luxated or replanted after
being avulsed. In a young growing child, dental ankylosis
can “anchor” the tooth to the alveolar bone and disturb
normal growth of the alveolar process. This often results in
a marked infra-occlusion of the ankylosed incisor with
malocclusion of the adjacent teeth. Malmgren and Malmg-
ren,10 in their study of the infraposition rate of reimplanted
ankylosed incisors, found that diagnosis before the age of
10 years or prior to the growth spurt is associated with
a very high risk of severe infrapositioning of the ankylosed
incisors. Vertical or combined horizontal alveolar defects
in growth-spurt patients also make esthetic prosthetic
replacement difficult when extraction of the ankylosed
tooth is considered.4
Few studies have been conducted on orthodontic
movement of traumatized teeth. Brin et al11 concluded
that the combination of trauma and orthodontic tipping
renders teeth more susceptible to complications, especially
to root resorption and loss of vitality. However, Malmgren
et al12 in their control study found that traumatized teeth
did not have a greater tendency toward root resorption
than uninjured teeth. The present case seems to favor
Malmgren et al’s conclusion that no further root resorption
or pulpal responses were found during subsequent ortho-
dontic treatment (Fig. 7).
Few clinical studies on tooth ankylosis have been pub-
lished as a result, in part, of difficulties in diagnosing small
areas of ankylosis. In the present case, an area of ankylosis
on the proximal surface of the root was evident on dental
radiographs (Fig. 2B). However, it was impossible to iden-
tify the presence of ankylosis on the labial or lingual root
surfaces. Early clinical diagnosis of ankylosis, therefore,
relies on clinical parameters such as changes in sound on
percussion and the absence of normal tooth mobility.
Andersson et al13 found that when more than 20% of the
root surface is ankylosed, the percussion sound is charac-
teristically high with no tooth mobility. The present case
showed a typically discolored and immobile left central
incisor, but was not significant in terms of the percussion
Figure 5 Root torque and vertical movement of the traumatized incisor were not found on post-treatment cephalometric
radiographs.
Figure 4 An acceptable overbite and overjet and a dental Class II molar relationship were achieved after completion of
orthodontic treatment.
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Figure 6 Crown tipping of the traumatized maxillary incisor was noted on the overlapping pre- and post-treatment cephalo-
metric radiographs.
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ankylosis was not extensive.
Treatment alternatives for an ankylosed incisor include:
(1) surgical extraction with replacement by a temporary
prosthesis; (2) surgical extraction followed by space closure
with adjacent tooth substitution; and (3) surgical luxation,
block osteotomies, or distraction osteogenesis followed by
orthodontic leveling and reposition.4,8,9,14,15,16 The litera-
ture indicates that moving an ankylosed tooth using
conventional orthodontic appliances is virtually impossible
without surgical intervention and distraction osteogenesis to
luxate the area of ankylosis.4,8,14,15 Turley et al17 in their
study of traumatically intruded teeth found that orthodontic
extrusion had little effect on repositioning of severelyFigure 7 Post-treatment occlusal radiograph showed no
significant further root resorption or pulpal responses.affected teeth, but orthodontic forces could facilitate
repositioning of less severely affected teeth.
It is crucial, therefore, to diagnose the extent of anky-
losis in the traumatized tooth to determine the possibility
of orthodontic repositioning. If movement is possible,
orthodontic repositioning of the traumatized tooth is
usually a better treatment option in a young child than
extraction or surgical repositioning because of the esthetic
and surgical risks. As the results of this case show, an
esthetic gingival contour and adequate bone height in the
maxillary anterior region are achievable without the need
for further prosthesis use or surgery. However, the move-
ment of the traumatized incisor required in this case was
simple leveling and tipping. Evidence of root torque and
vertical movement were not found on post-treatment
cephalometric radiographs, probably because there were
areas of ankylosis on both palatal surfaces and proximal
surfaces (Figs. 5 and 6).
As this case demonstrates, adequate time is needed to
evaluate the potential for orthodontic movement of
a traumatized tooth, on account of the difficulty in diag-
nosing the extent of ankylosis by clinical assessment and
radiographic examination. Distraction osteogenesis is
advocated by some authors as the optimal treatment
modality for a severely ankylosed tooth, because of the
ability to enlarge the adjacent soft tissue and bone
volume.4,8,14 However, this procedure entails sensitive
surgical techniques and the three-dimensional problems of
moving a dental and osseous segment, which might not be
well accepted by many patients.
Conclusion
The results in this case highlight the extent to which
ankylosis is a major determinant of the potential for
orthodontic movement of a traumatized tooth. Because the
area of ankylosis was small, the traumatized incisors in this
case were successfully moved to their proper positions,
244 J. Kuo, Y.-T.J. Linwhich permitted a less invasive treatment approach.
Clinicians should clinically determine the potential for
orthodontic movement of a traumatized tooth to ensure an
optimal treatment plan for the patient.
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